Abstract In many rural areas in Europe a spatial concentrating of basic services can be observed due to interacting socioeconomic and demographic processes. At the European level, territorial cohesion policy aims at mitigating the consequences of this development. Additionally, in Germany, this development is a greatly discussed topic. However, little data exists at the country level on the dimensions and consequences of this spatial concentration process. This limitation makes it difficult to realistically assess the situation and identify the regions and basic services where intervention may be required. As a contribution to bridging this knowledge gap, we used a GIS accessibility analysis to analyse the regional distribution of ambulant nursing services throughout Germany and to estimate the availability of such services near patients' places of residence. Ambulant nursing care is an important basic service of the German health care system; such services allow disabled or elderly people who are not able to fully care for themselves to stay in their homes and living environments. The analysis results lead us to conclude that although ambulant nursing services must cover greater distances to reach customers in rural areas, at present such services are nationally available in rural areas as well as in urban areas. 
in ländlichen als auch städtischen Regionen flächendeckend gewährleistet.
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Introduction
Throughout Europe, it can be observed that demographic trends that account for a changing demand for basic services (e. g. population decline, aging population) are exerting economic pressure on private and public service providers, which in turn leads to an abandonment of unprofitable locations (Higgs/White 1997: 444) . Expressed in simplified terms, these shrinking processes could lead to a downwards spiral, whereby shrinking causes a decrease in attractiveness, which in turn leads to further shrinking (Specht/Wenz/ Häring et al. 2013: 9) . At the European level, such processes are discussed within the scope of territorial cohesion policy, the main objective of which is an equal distribution of resources and services among the regions and their populations in order to ensure people sufficient access to basic services wherever they live (European Commission 2014: 3) . Similarly, the German regional planning policy follows the objective of ensuring comparable living conditions in all regions of Germany within the context of Daseinsvorsorge, which was legally stipulated in 1965 in § 2 of the Federal Regional Planning Act. Thereby, Daseinsvorsorge involves the public provision of a sufficient supply of the goods and services that are indispensable for life and cater for common welfare, as well as the appropriate access to these goods and services (Einig 2008; Burgdorf/Krischausky/Müller-Kleißler 2015) . Facilities that offer such goods and services are part of social infrastructure. It thus follows that analyses about the availability and accessibility of such facilities provide important data for political and scientific discourse on Daseinsvorsorge (Burgdorf/Krischausky/Müller-Kleißler 2015) , where the spatial concentration of basic services is currently a heavily debated issue (Schulz/Bröcker 2007; Neu 2009; Steinführer/Küpper/Tautz 2012; Slupina/ Sütterlin/Klingholz 2015) 1 . Interestingly, within this German discourse the social dimension of sustainability, concentrating for example on (different) public needs, is masked because the main focus lies only on economic aspects, diverging from the aim 1 As the processes, consequences and reasons for the spatial concentration of basic services have already been intensively discussed elsewhere, the reader is directed to, for example , Favry 2006; Schmitz-Veltin 2006; Gawron 2008; Born 2009; Jens 2009; Neu 2009; BMVBS 2010; Küpper 2011; BMVBS 2013; Steinführer 2014 ; Steinführer/Küpper/ Tautz 2014 for further information on these aspects. of sustainability (Küpper/Steinführer/Stelzenmüller et al. 2013: 7) . This focus might in part result from the small amount of data existing at the county level due to the dimensions of the process, as well as the consequences that it has on citizens (Küpper/Eberhardt 2012: 6) . Certainly, the nationwide availability of small-scale data on the accessibility of basic and local services is suboptimal (Burgdorf/Krischausky/Müller-Kleißler 2015: 3). The particular importance that legislature attaches to this aspect in § 2 (3) Federal Regional Planning Act renders this lack of information dissatisfying (Burgdorf/Krischausky/Müller-Kleißler 2015: 3) .
Against this background, we began analysing the nationwide accessibility of selected basic services by modelling accessibility with the help of a Geographic Information System (GIS). Thus far, we have analysed street petrol station accessibility (Neumeier 2012) , the accessibility of supermarkets and discounters (Neumeier 2014a ) and the accessibility of public pharmacies (Neumeier 2013) . Interestingly, the results are comparable for all the basic services analysed thus far. One can register a rural-urban divide as well as regional variations, but from a nationwide point of view the provision of these basic services is still guaranteed throughout the country. By addressing the basic availability of an ambulant nursing service near the place of residence, this paper continues these accessibility studies by adding another important basic service of the German health care system, one that allows disabled or elderly people who cannot fully care for themselves to stay in their homes and living environments -especially in rural areas where distances to the next physician are often comparatively long (Heit/Köppe/Kratschke et al. 2014: 141 f.) . The paper addresses the availability of an ambulant nursing service that offers services according to SGB XI 2 near the place of residence in Germany. Thereby, the basic availability situation is described using a "simple" generic accessibility indicator defined as the distance to the nearest ambulant nursing service derived by a shortest path network analysis. Thus, the analysis does not address the delineation of different possible catchment areas or different options available. Because the declared goal of the analysis is to obtain a nationwide picture of the situation, it was also not feasible to account for the real catchment areas, place of residence of the potential customers, number of employees or customers per employee of the nursing services. Such data are not available, due in part to data privacy laws that render it impossible to acquire such information on a national level.
The remainder of this article is divided into four sections. In Sect. 2, some introductory key information on ambulant nursing services in Germany is given. Sect. 3 describes the methodology of the GIS accessibility analysis. The results are presented in Sect. 4. The paper closes with a summary of the main findings followed by some concluding remarks.
Key Information on Ambulant Nursing Services
In Germany, since 2003, a steady increase can be registered in the number of ambulant nursing services that offer services according to SGB XI. In other words, these are nursing services that are covered by the German statutory health insurance. Whereas 10,598 ambulant nursing services existed in Germany in 2001, the number of service providers had increased to 12,349 by 2011 (Statistisches Bundesamt 2013a: 6) 3 , and according to the nursing-service-navigator of the AOK (a German public health insurance company), to 13,466 by 2014 (http://www.aok-pflegedienstnavigator.de/ index.php?module=careservice, a website that publishes the current locations and number of service providers). According to figures from 2011, 62.9 % of the ambulant nursing services are privately owned, caring for 48.6 % of people in need of care, 35.7 % are charitable organizations caring for 49.8 % of those in need of care, and 1.4 % are public sector institutions caring for 1.6 % of people in need of care (Statistisches Bundesamt 2013a: 6). On average in Germany, the 2011 figures show that an ambulant nursing service serves 47 people who are in need of care (Statistisches Bundesamt 2013a: 6).
Overall, in 2011, 290,714 persons were employed in ambulant nursing services. On average, an ambulant nursing service employs 23.5 employees. Thereby, it is striking that in 2011, 88 % of the employees of ambulant nursing services were female, and 70 % were employed part-time. It is interesting that in the new federal states (former German Democratic Republic), in 2011, the share of people working full time was between 35 % and 43 %, which is higher than that in the former federal states (Federal Republic of Germany until 03.10.1990) (Statistisches Bundesamt 2013a: 9-11) .
In addition to services according to SGB XI, nearly all of the ambulant nursing services also offer services according to SGB Part VNursing services are offered both as pre-defined service complexes and based on the time spent on the service. The defined service complexes offered by ambulant nursing services and the prices of the single complexes differ among the federal states (Hielscher/Nock/KirchenPeters et al. 2013) . Depending on the federal state, travel expenses are included in the service complexes according to SGB XI or are listed as a separate complex. According to SGB V, service complexes can be charged as extras (Hielscher/Nock/Kirchen-Peters et al. 2013) . In addition to the service complexes, since 2013 ambulant nursing services must also offer services based on time, to enable customers to better shape the services according to their specific personal needs. With payment according to service complexes, the longer and shorter tasks balance one another out. This compensation does not occur with payment according to time (Deutsches Medizinrechenzentrum 2013: 1) .
Elderly people constitute the main group that is in need of nursing services (Statistische Ämter des Bundes und der Länder 2010). In Germany, in 2011, 2.5 million people were in need of care according to SGB XI; this amounts to 3.1 % of the overall German population. Of those in need of care, 69 % are older than 75 years of age (Statistisches Bundesamt 2013c: 6, 8) . Of the 2.5 million people who are in need of care, 23 % (i. e. 576,264/2,501,441) make use of ambulant nursing services according to SGB XI (Statistisches Bundesamt 2013a : 8, Statistisches Bundesamt 2013c . People who are in need of care are free to choose an ambulant nursing service, but they must cover the additional costs if the service chosen does not normally serve the place of residence. The share of people who are in need of care varies among the federal states (see Table 1 ). In 2011, the highest share of those in need of care was registered in Mecklenburg-West Pomerania (4.1 %), followed by Brandenburg (3.9 %). The lowest share was registered in Baden-Württemberg (2.6 %), followed by Bavaria (2.6 %) (Statistisches Bundesamt 2013c: 8) .
According to the 12th coordinated population projection of the Federal Statistical Office of Germany, in the next few years the number of those aged 60 years and over is going to increase. According to the model, with regard to the lower limit of the population projection, "in 2030 there will be 7.3 million more people aged 60 years and older (28.5 million) in Germany than in 2009 (21.2 million)" (Statistische Ämter des Bundes und der Länder 2010: 5, own translation). This change allows us to reason that the share of people who are in need of care is also going to increase in the future, especially in regions where a considerable increase in the number of elderly people is expected.
According to a population projection of the Federal Institute for Research on Buildings, Urban Affairs and Spatial Development (BBSR), the share of people who are 80 years (Hemetsberger/Ortner 2008) . The analysis of the availability of ambulant nursing services near the place of residence is based on the geographic accessibility approach of analysing distances within street networks. This approach is used because determining driving distances in street networks best reflects reality with regard to the mobility behaviour of ambulant nursing services. Although the determination of street distances is more cost-intensive than the determination of Euclidean distances, a conscious decision was made in favour of street distances. This is based on the fact that although the Euclidean distance provides sufficiently accurate results in regions that have a dense road network, such as urban areas, the performance of this method is poor in regions that have sparse road networks, such as rural areas. Here, the circumvention of anthropogenic and natural barriers is more likely to considerably extend the distances to be covered and is expected to exceed that of Euclidean distances (Dahlgren 2008: 16) .
Accessibility Approach Applied
In regional distance analyses, it is quite common to determine the distance from the centroid of an administrative unit to the service of interest and to assign the determined distance as the distance value of the administrative unit. This approach is quite straight-forward, but it also poses some problems because of the modifiable areal unit problem (MAUP). These considerations mean that the intraregional differences are masked (for details, see for example Madelin/Frasland/Mathian et al. 2009 ). We therefore decided to base our analysis on the so-called raster-based approach. This implies that the area under consideration (Germany) is overlaid by a vector raster (grid) that has a specific cell size. These raster cells represent the analysis regions. The centroids of the single raster cells represent the destinations of the analysis, which means that the shortest street distance from every centroid to the next origin (the location of ambulant nursing services) is determined. The resulting distance value is attributed to the raster cell representation of the distance of this cell. The within-cell distances are not considered. As such, the cell size of the analysis raster determines the accuracy of the accessibility model. The smaller the cell size is, the more accurate the model. Simultaneously, the smaller the cell size is, the larger the amount of computational cost necessary. Nevertheless, one advantage of the raster approach is that, based on the single raster cells, the indicator values of interest for administrative units can easily be obtained, for example by computing the arithmetic mean of the values that are attributed to raster cells covering an area of interest. Accordingly, a raster-based statistical approach allows accessibility to be analysed below the level of the administrative regions or census regions 5 .
Data Sources
For cost benefit purposes, it was decided to base the analysis on the street network of the ATKIS Basis DLM 6 , which is an official topographic cartographic information system for Germany. The so-called EWZ 250 was used as the raster of reference; it is compliant with the European INSPIREgrid (Infrastructure for Spatial Information in the European Community), covers the whole of Germany and was developed by the Federal Institute for Research on Building, Urban Affairs and Spatial Development (Burgdorf 2010) 7 . This raster has a cell size of 250 m and contains disaggregated population values based on official population statistics 8 as well as the population data of urban districts 5 A detailed introduction to the nature of raster-based regional statistics is given by Kaup/Rieffel (2013 (2010) does not specify the year of reference for the population values that the disaggregation is based on. Considering that in the references he lists a "Qualitätsbericht -Fort- for raster cells that were identified as inhabited based on the ATKIS Basis DLM. Inherent to the distribution of the population over the raster cells is that in urban areas the population is to some extent underestimated, whereas in rural areas it is to some extent overestimated (more detailed information on these aspects can be found in Burgdorf 2010). This, combined with the fact that the EWZ 250 shows population data for 2008, means that the population data based on the EWZ 250 should be considered as indicative only. With regard to the accessibility analysis, only raster cells that were identified as inhabited were considered, in order to reduce the computation costs. Overall, the raster of reference contains 1,667,191 raster cells. The locations of the ambulant nursing services are based on the nursingservice-navigator of the Federation of the German AOKs (German public health insurance companies). According to the Federation of the German AOKs the nursing-servicenavigator contains data updated daily. For the purpose of the analysis the Federation of the German AOKs provided us with locational information on 13,466 locations of ambulant nursing services as of 2 June 2014. Thus, the data set contains 1,117 locations more than those listed in the official nursing statistics published in 2013, which are based on 2011 data. As the official statistics publish the nursing data with a considerable time-lag, the AOK data set could not be verified with regard to the number of service locations contained.
schreibung des Bevölkerungsstandes" by the Federal Statistical Office from 2008, it can be assumed that the population data used for the disaggregation is also based on the population as of 2008. The calculation of a statistical population raster is a project in its own right, as the population must be reliably disaggregated from administrative units to raster cells using additional data sets, such as remote sensing data on the built environment, data on housing types and land use. As such, within the scope of this analysis it was not feasible to construct a more up-to-date data set for Germany, containing population data of 2014.
Methods for Accessibility and Data Validation
Methodically, the accessibility analysis is based on a GIS network analysis using the "a-star shortest path" algorithm (Hart/Nielsson/Raphael 1968) , and was performed with PostgreSQL and the Postgis and pgRouting extensions. Both the raster centroids and the locations of the ambulant nursing services were connected with the road network prior to the accessibility analysis. Overall, the accessibility analysis is implicitly based on the simplified assumption that the closest destinations (raster cells) according to the street distance are served from each origin (ambulant nursing service). Because of the available computer capacities, it was not feasible to determine all of the possible 22,450,394,006 origin-destination combinations. Thus, in a first step for every destination, the closest three origins were selected by considering the Euclidean distances. In a second step, the street distances from the destination to the origins were determined. The origin with the lowest determined distance was then finally attributed to the destination under consideration. For 0.92 % of the raster cells, no street distances could be determined because of topological inconsistencies in the route network (mainly the existence of subgraphs) 9 that could not be corrected prior to the analysis without performing undesirable alterations to the topology of the overall network.
To compensate for these missing values, Euclidean distances were taken for the cells affected instead. To account for potential outliers, origin-destination pairs with extreme distance values (distance values above the upper quartile of the value distribution plus the triple interquartile distance) were recalculated by considering the closest 20 origins and finally choosing the origin-destination pair with the shortest street distance. This potential outlier correction was applied to 3,106 (0.19 %) calculated distances. Table 2 and Fig. 1 give a summary of the non-outlier-corrected and outlier-corrected value distributions of the accessibility analysis. The shape of the non-outlier-corrected and outliercorrected distribution of the calculated accessibility values is depicted in the two histograms at the top of Fig. 1 . As can be seen by comparing the two histograms, the number of extreme distance values (>20,000 m) could be reduced (corrected) by the outlier analysis. The same aspect is shown in the two boxplots at the bottom of Fig. 1 from a different perspective. The boxplots show the variability of both the non-outlier-corrected and outlier-corrected accessibility data set. Similar to the histograms, it can be seen that the outlier correction contributed to a reduction of the extreme distance values (depicted as black dots above the whisker of the upper quartile of the value distribution). As is made particularly clear by comparing the boxplots, the acquired very extreme distances (>20,000 m and especially >80,000 m) could be corrected by the outlier correction procedure.
To assess the quality of the accessibility model, it was decided to validate the model via reference data. One possibility to perform the validation is to compare the distances of randomly selected origin-destination pairs calculated by the accessibility model with those calculated by a webbased routing application.
In practice, this step is not as easy as it initially appears for the following reasons: a) the quality of the distance calculation is dependent on the quality of the street network that underlies the routing application -here, proprietary services usually perform better than Open Source services (for details, see Neumeier 2014b); b) proprietary services often do not allow the results that are obtained to be used for building one's own databases, which disqualifies them as a reference service; c) different routing applications use different methods to determine distances (e. g. the distance from the location to a street network is considered versus the distance calculated by starting at the network node closest to the location under consideration), which directly influences the results that are obtained. While taking all of these aspects into consideration, the accessibility model was validated by comparing the street distances to the next ambulant nursing service calculated by the model with the distances calculated via the Open Source Routing Machine (OSRM) 10 for ten randomly selected origin-destination pairs for every decentile of the value distribution of the accessibility model. The result is shown in Fig. 2 . As seen, com-pared to the OSRM, the accessibility analysis upon which the study is based appears to perform quite well because the difference in the calculated distance-values between the two models is quite small.
Common Radius of Action of Ambulant Nursing Services
In contrast to other basic services, nursing services are not visited by their customers but deliver their services to the customers. A nationwide analysis of the service provision of ambulant nursing services based on a GIS accessibility analysis focuses on the question of whether and to what extent a dense network of ambulant nursing services has been developed to guarantee the nationwide provision of ambulant nursing services. Long or very long distances in rural areas could thus be indicative of potential undersupply. The following considerations are meant to begin to determine a threshold to be used throughout the analysis to identify long distances. This task is not easy because different thresholds can be found with regard to ambulant nursing services. The travel expenses cited in the service complexes can be related to driving costs, resulting in an average operating distance of 5 km at a speed of 50 km/h (Neumeier 2015: 34) . Nevertheless, because the long and short distances compensate for one another when service complexes are used, it can be assumed that this distance represents merely the average radius of action rather than the maximum. This finding is confirmed by Heiber (2002) , a consultant specializing in nursing services, who claims that in Germany ambulant nursing services must cover an average of 4 to 5 km (at 50 km/h) to reach the customers. However, Heiber (2002) also claims that on average 23 % of the overall working time of the nursing staff is spent on travel to the customers. He furthermore states that these averages hide variations in the values, which range from 14.5 % to 43.9 % of overall working time owing in part to the varying distances that need to be covered. A non-representative review of the radius of action explicitly recorded by a single ambulant nursing service revealed that the services analysed normally operate within a range up to 30 km (Neumeier 2015: 36) . Taking these figures and Heiber's (2002) findings into account, it can be concluded that the maximum range of operation of ambulant nursing services lies somewhere from approximately 25 to 30 km. This is then taken as the threshold for differentiating highly accessible regions from badly accessible regions in the remainder of this paper.
Availability of Ambulant Nursing Services near the Place of Residence
In Germany, according to the accessibility model, the average distance to the next ambulant nursing service that offers services according to SGB XI amounts to 4.8 km. However, as mentioned earlier, such a country average hides important regional differences. . One can observe that the average distances to be covered differ between the different federal states. It is not surprising that the distances are the lowest in the city states (Hamburg, Berlin, Bremen). On average, the longest distances must be covered by nursing services that operate in Mecklenburg-Western Pomerania. In addition, the average distances to be covered increase from the urban areas to the sparsely populated rural areas in all of the federal states.
Based on an average driving speed of 50 km/h, an ambulant nursing service requires, on average, no more than a maximum of 10 minutes to reach its customers in any federal state or BBSR district type (2009) except for in district type 4, in Saxony Anhalt. However, although these figures give an initial indication about the provision of ambulant nursing services in Germany, small-scale intraregional differences are still hidden due to the regional aggregation level. Thus, it is quite interesting to analyse the accessibility situation at the smaller level of communities (LAU 12 -2-Regions). Here, it can be observed that ambulant nurs-11 These district types have been developed by the BBSR to assist in an interregional comparison of different region types within Germany at the level of administrative districts. They are defined as follows:.
Type 1: Core cities in agglomerations (core cities, urban districts with more than 100,000 citizens);.
Type 2: Densely populated districts in agglomerations (more than 300 citizens per km²);.
Type 3: Highly populated districts in agglomerations (more than 150 citizens per km²);.
Type 4: Rural districts in agglomerations (districts with less than 150 citizens per km²);.
Type 5: Core cities in urbanized areas (cities with more than 100,000 citizens);.
Type 6: Densely populated areas in urbanized areas (districts with more than 150 citizens per km²);.
Type 7: Rural districts in urbanized areas (districts with less than 150 citizens per km²);.
Type 8: Densely populated rural areas (districts with more than 100 citizens per km²);.
Type 9: Sparsely populated rural areas (districts with less than 100 citizens per km²). 12 LAU = Local Administrative Unit, a basic component of the Nomenclature of Territorial Units for Statistics (NUTS), which is used in the European Union. Fig. 2 x/ŷ data plot: Comparison of origin-destination distances calculated by the accessibility model with those calculated by the Open Source Routing Machine; Line Linear ordinary least square regression of the sample (ŷ = 0.258 + 1.0417x); Dots Distances to potential customers of ambulant nursing services calculated by the Open Source Routing Machine as a function of distances to potential customers of ambulant nursing services calculated by the accessibility model Source: Neumeier (2015) Rural district types are emphasized in italic 1 core cities in agglomerations; 2 densely populated districts in agglomerations; 3 highly populated districts in agglomerations; 4 rural districts in agglomerations; 5 core cities in urbanized areas; 6 densely populated areas in urbanized areas; 7 rural districts in urbanized areas; 8 densely populated rural areas; 9 sparsely populated rural areas ing services are located in only 32 % of the communities, whereas in 68 % of the communities no ambulant nursing service exists (see Fig. 3 ). What is striking is the high share of rural areas, according to the BBSR district types 2009 (shaded regions in Fig. 3 ), that do not have an ambulant nursing service (75 % of the rural communities), especially in the federal states Rhineland-Palatinate, Schleswig-Holstein, Mecklenburg-Western Pomerania, Thuringia and in parts of Lower Saxony and Bavaria. However, does this absence of an ambulant nursing service in a community automatically mean that the availability of such services is problematic in the communities concerned? To answer this question, we must look more closely at the distances and driving times for ambulant nursing services with respect to community averages (see Figs. 4 and 5) . In 58 % of the communities, the distance that an ambulant nursing service must cover to reach its potential customers is on average less than or equal to 6 km, which corresponds to a driving time of approximately 7 minutes at a speed of 50 km/h.
For a further 30 % the average distance is less than or equal to 10 km, which corresponds to a driving time of approximately 12 minutes at a speed of 50 km/h. In another 10 % of the communities, the average distance to be covered is less than or equal to 15 km, which corresponds to a driving time of 18 minutes at a speed of 50 km/h. Thus, only in approximately 1 % of the communities does an ambulant nursing service have to cover distances that are longer than 15 km, or drive more than 18 minutes, to reach its potential customers (dark red coloured communities in Figs. 4 and 5) . Classifying communities according to the driving distances (Fig. 5 ) reveals especially clearly that there are only a very few communities where, on average, an ambulant nursing service must spend more than 30 minutes (which can be defined as the threshold for bad accessibility) reaching its potential customers, mainly in the far eastern part of Lower Saxony. The urban-rural accessibility divide identified by considering accessibility according to the BBSR district types 2009 can also be clearly observed when looking at community averages. According to the accessibility model, assuming an average speed of 50 km/h, average driving times of approximately 10 minutes prevail in rural communities (shaded regions in Figs utes prevail (see Fig. 5 ). However, as with federal state or district type averages, community averages only allow the average accessibility situation within a certain administrative level to be assessed. Interesting intraregional differences may be hidden. Thus, to comprehensively assess the availability of ambulant nursing services near the place of residence on a small scale -below the level of administrative units -a closer look at the results of the accessibility analysis on the level of the single raster cells of the analysis raster is necessary. In Figs. 6 and 7, similar to the analysis at the community level, the distances to be covered and the driving times needed to reach the potential customers at the level of the single raster cells of the analysis raster are depicted in the form of two heat maps. According to the accessibility model, there are only 375 (0.02 %) raster cells out of the 1,667,191 raster cells of the countrywide analysis raster (raster cells in Hamburg as well as the counties (NUTS 13 -3) Leer, Gifhorn, Lüchow-Dannenberg in Lower 13 The Nomenclature of Territorial Units for Statistics is an administrative division used in the European Union for statistical purposes.
Saxony; Rhein-Kreis Neuss in North-Rhine Westphalia; Eifelkreis Bitburg-Prüm in Rhineland-Palatinate; Göppin-gen, Breisgau-Hochschwarzwald in Baden-Württemberg; Oberallgäu, Bad Tölz-Wolfratshausen in Bavaria, Prignitz in Brandenburg; Stendal, Altmarkkreis Salzwedel in Saxony-Anhalt) where the next ambulant nursing service must cover more than 25 km to reach its potential customers.
According to the accessibility model, only 0.008 % of the German population lives in these regions. In 107 raster cells (0.006 %) (raster cells in the counties Prignitz in Brandenburg; Lüchow-Dannenberg, and the island Borkum in the district Leer in Lower Saxony), according to the accessibility model, an ambulant nursing service must cover a distance that is greater than 30 km to reach its potential customers. A total of 0.006 % of the German population lives in these regions (Neumeier 2015: 50-51) . Thus, as can be clearly seen, ambulant nursing services only have to cover distances greater than 25 km to reach their potential customers in very few, sparsely populated regions of Germany. Considering the threshold of 30 km, the share of regions that is affected is almost negligible. The already identified urban-rural divide can also be clearly detected at the level of single raster cells (see Figs. 6 and 7 as well as Table 4 ). Looking at Figs. 6 and 7, it is quite obvious that ambulant nursing services must cover greater distances and allow more driving time in rural areas than in urban areas. A summary, showing the number of cells of the analysis raster where a certain distance must be covered (expressed as driving time), as differentiated according to the BBSR district types 2009, is given in Table 5 . These results suggest that there might be a correlation between population density and the distances to be covered to the next ambulant nursing service. To analyse the existence as well as the strength of this relation we decided to perform a regression analysis. The scatter plot (Fig. 8a) clearly shows a curvilinear relation between population density and distance to the next ambulant nursing service. This was due to the highly skewed value distributions of the distances to the next ambulant nursing service (Fig. 8b   14   ) and specifically of the population density (population per km²) (Fig. 8e). 14 The graphical representation of the fit-plot is based on a random sample of the overall data set because of constraints of the statistical Both were therefore subjected to a log-transformation prior to the analysis (Fig. 8d and c) .
Furthermore, we decided to exclude observations with a population density of 0 (Fig. 8f) 
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. These corrected values were subjected to an ordinary least square log-log regression, using following model:
software concerning the number of values to be used for graphical representations. The full data set shows a mean of 9.6, variance of 181.2, skewness of 4.7 and kurtosis of 38.6. The sample used for the representation shows a mean of 9.8, variance of 180.6, skewness of 4.9 and kurtosis of 41. As such it is reasonable to assume that the random sample represents a representative subset of the full data set. That is, the overall graphical depiction of the random sample does not differ significantly from a graphical depiction based on the full data set. 15 When specifying grid cells as inhabited not only cells with a population value >0 have been chosen, but also additional cells with a population = 0 according to the EWZ 250 that contain building coordinates according to the data set "Hauskoordinaten Deutschland" of the survey offices of the federal states. The results of the regression are summarized in Table 6 as well as in Fig. 8b . All in all, the regression analysis delivered a R² of 0.16, indicating that 16 % of the variation in the distances to the next ambulant nursing service can be explained by the population density. Due to the double logtransformation the estimated coefficient can be interpreted as elasticity. That is, the distance to the next ambulant nursing service decreases by around 0.2 % if the population density increases by around 1 %. This observation suggests that in regions with a low population density (rural regions) the population density has a greater absolute influence on the distance to the next ambulant nursing service than in regions with a high population density (urban regions) (see also Fig. 8a ). However, it can also be seen that population density can only partially explain overall variation in the data set of distances to the next ambulant nursing service. This is an indication that other factors, which still need to be defined, also affect the distances to be covered to reach an ambulant nursing service.
In addition to considering distances and driving times to assess the availability of an ambulant nursing service that offers services according to SGB XI near the place of residence, it is also interesting to take a closer look at how many potential customers can be reached within a specific distance with regard to the driving time. To obtain an indication, we added the inhabitants of the raster cells of the EWZ 250 that can be reached within a certain driving time (see Table 5 ). Gaining an impression of the situation for people who are in need of care as well as for those who actually make use of an ambulant nursing service is also of interest. For every raster cell, the (statistical) share of people who are in need of care was therefore calculated based on the share of people who are in need of care in the county that the raster cells fall into, according to the nursing statistics of 2013 (which contains data for 2011) (see Statistisches Bundesamt 2013d) . Based on this value, the share of people who actually use an ambulant nursing service (23 % of people in need of care, Statistisches Bun- desamt 2013c: 12) was determined for every raster cell. However, it must be acknowledged that these statistically calculated values are not an accurate representation of reality because they are based on an equal distribution over the raster cells under consideration, and disregard, for example, the real place of residence of the people who are in need of care. There is no data available that would allow for the estimation of the availability and accessibility of the ambulant nursing services that offer services according to SGB XI in this way. The accessibility model shows that in Germany, 94 % of people and 95 % of those who use an ambulant nursing service can be reached by an ambulant nursing service within a maximum driving time of 10 minutes (at 50 km/h). The share of people who use an ambulant nursing service and who cannot be reached by an ambulant nursing service within 20 minutes is negligible (0.19 %) from a nationwide perspective. 
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Summary and Conclusions
The main findings of the analysis of the regional distribution of ambulant nursing services near the place of residence in Germany, based on the modelling of customer accessibility, can be summarized as follows:
• Since 2003, a steady increase in the number of providers of ambulant nursing services according to SGB XI can be observed. Today, with 13,466 providers according to the nursing-service-navigator of the AOK (German public health insurance company), there are 2,646 more providers than in 2001 (10,820) (Neumeier 2015: 67) .
• In Germany, 3.1 % of the population is in need of care.
Of these, 23 % make use of ambulant nursing services that offer services according to SGB XI (Statistisches Bundesamt 2013c: 8, 12 ). In the coming years, the share of people in need of care is likely to increase because of overall demographic developments. It is assumed that especially in the federal states MecklenburgWestern Pomerania, Brandenburg, Saxony, Saxony-Anhalt and Thuringia, the proportion of elderly people will increase until 2030, and thus it can be expected that especially in these regions the share of those in need of care will also increase.
• It can be established that the maximum radius of action of an ambulant nursing service that offers services according to SGB XI is between 25 and 30 km. In addition, according to a study by Büscher/Horn (2010) , ambulant nursing services very seldom reject a request for home care service due to bad accessibility of the customers or because the customers do not live within the usual radius of action.
• According to the accessibility model, an ambulant nursing service must on average drive (50 km/h) 5 minutes in urban and 7 minutes in rural areas to reach its potential customers. Nevertheless, these average driving times hide intraregional differences. Considering accessibility on a small scale based on 250 m raster cells, it can be seen that, especially in rural areas, driving times are up to 20 minutes and, in some isolated cases, even 25-to 30-minute drives are necessary.
• Approximately 82 % of the population and 80 % of people who are in need of care can be reached by an ambulant nursing service within 6 minutes (50 km/h). Within 10 minutes, 94 % of people and 95 % of those in need of care can be reached. In contrast, the share of people who cannot be reached within a distance of 30 kilometres (0.006 %) is negligible from a nationwide point of view.
• The accessibility model does not account for mobility chains, whereby a combination of different customer addresses are visited within a single tour by an ambulant nursing service, because such data are not available. Thus, it can be assumed that the accessibility model overstates the distances to be covered, which relativizes the modelled situation in the few regions that display disadvantageous accessibility values (>25 km).
Taking all these aspects into consideration, it is possible to conclude that at present, in Germany, the basic availability of an ambulant nursing service near the place of residence is guaranteed in urban as well as rural areas throughout the country. Nevertheless, because the nursing market offers few opportunities for advancement and the care is strenuous and badly paid, this market is relatively tight. It can therefore be expected that nursing personnel will decrease, especially in the less attractive peripheral regions (Slupina/Sütterlin/Klingholz 2015: 35-40) . This decrease poses the danger that in the future the provision of ambulant nursing services will degrade, especially in sparsely populated peripheral rural areas, if the current developments in the nursing market are not counteracted. A scenario that was calculated using the accessibility model (Neumeier 2015) revealed that possible business closures of ambulant nursing services will have an especially negative effect on the availability of such services in north-eastern SaxonyAnhalt and north-eastern Lower Saxony as well as in the west and south of Rhineland-Palatinate.
Although it could be shown that the distances to the next ambulant nursing service depend to a considerable extent on population density, the analysis also revealed that other factors also influence the distances to be covered. These factors have still to be identified. Thus, further research is necessary to fully understand the factors concerned and their mode of functioning as to the distances to be covered to reach the next ambulant nursing service. Another aspect that the analysis could not determine is where shortages in the provision of care are likely because of the staffing of the individual ambulant nursing services; this was impossible due to a lack of data. A model that was based on potential customers within catchment areas and county averages for employees would in principle allow a rough estimation to be made, but it would not identify underemployed service locations because these are masked in the county data.
When considering who is affected or disadvantaged by poor accessibility of ambulant nursing services in rural areas, the questions arise as to how people cope with this situation, how they are affected, and what this arrangement means for their overall living conditions. These questions cannot be answered by a quantitative accessibility analysis. Nevertheless, against the background of the German discourse on Daseinsvorsorge as well as the European discourse on territorial cohesion, such quantitative findings are important. Although a consensus appears to exist that, especially in rural areas, living conditions are deteriorating and the availability of basic services is declining, there is little data that allows us to assess the dimension of the decrease in basic services and identify services and regions that are especially affected. Thus, quantitative accessibility analyses and studies such as the one presented in this paper provide important contributions toward gaining deeper knowledge about the availability of basic services throughout Germany. They furthermore help to create a data basis for the political and scientific discourse on Daseinsvorsorge and territorial cohesion, and they identify regions and services that are in need of in-depth research and political intervention, as well as those where no urgent action is needed.
